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SUMMARY 


This  report  describes  in  detail  the  more  important  steps  in  the 
fabrication  and  testing  of  the  confirmatory  samples  of  the  MM&T 
Silicon  Transcalent  Rectifier  program.  Factors  used  in  the 
selection  of  the  prototype  design  are  presented.  The  data  from 
all  ten  confirmatory  samples  including  description  of  test  cir¬ 
cuits  and  test  results  are  contained  herein  as  well  as  some 
decision  making  data  taken  on  additional  devices. 

The  ten  confirmatory  sample  devices  successfully  passed  all  of 
the  inspections  required  by  the  contract.  All  devices  were 
then  shipped  to  MERADCOM  on  September  18,  1979.  Government  ac¬ 
ceptance  of  the  shipment  is  awaited. 
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I.  INTRODUCTION 

This  report  is  the  Interim  Technical  Report  describing  the 
work  performed  by  RCA,  Lancaster,  PA  during  the  confirmatory 
phase  of  the  contract  covering  the  period  of  17  December 
1978-22  October  1979.  Work  was  performed  in  accordance 
with  the  DRDME-EA  Purchase  Description,  dated  16  November, 
1977  to  the  MERADCOM  Semiconductor  Device,  Silicon  Trans¬ 
calent  Rectifier  Specification,  dated  6  June  1978,  is  at¬ 
tached  to  the  contract.  The  scope  of  the  contract  covers 
the  MM&T  tasks  for  fabricating  a  semiconductor  device,  sili¬ 
con  Transcalent  rectifier,  RCA  type  J15401  and  the  subse¬ 
quent  pilot  production  of  the  device. 

Although  this  report  covers  the  confirmatory  phase  of  the 
proqrarn,  the  24  months  duration  program  will  establish  the 
production  engineering  techniques  and  verify  a  pilot  produc¬ 
tion  capability  for  the  J15401  silicon  Transcalent  rectifier 
conforming  to  Fig.  1  of  this  report.  Electrical,  thermal 
and  environmental  inspections  are  a  part  of  this  report  per 
DD  1423  of  the  contract. 

I.  DEVICE 

A.  Description  of  the  Structure 

The  Transcalent  rectifier  type  J15401  is  thoroughly  de¬ 
scribed  in  the  report  entitled,  "Manufacturing  Methods 
and  Technology  Measure  for  Fabrication  of  Silicon  Trans¬ 
calent  Rectifier,  Interim  Technical  Report,  dated  January 
1979.  The  above  report  includes  a  Flow  Diagram  for  the 
J15401  rectifier  wafer  metallizing,  contouring  and 
testing  and  a  Flow  Diagram  for  the  assembly  and  proces¬ 
sing  of  the  J15401  rectifier.  Included  also  are  many 
step  by  step  procedures  utilized  in  the  processes  de¬ 
scribed.  The  report  stipulated  will  serve  as  an  aid  to 
the  understanding  of  this  report,  however,  the  cross 
section  drawing  of  the  Transcalent  rectifier  will  conform 
to  Fig.  1  of  this  report. 

I.  PROCESS  AND  FABRICATION  IMPROVEMENTS  INVESTIGATED 

All  ten  confirmatory  sample  rectifier  devices  were  fabri¬ 
cated  utilizing  as  much  as  possible  the  recommendations 
given  in  RCA  proposal  DP-8135  and  the  descriptions  given  in 
this  report. 

Four  product  design  variations  were  tested  in  the  confirma¬ 
tory  sample  phase.  However,  the  differences  were  slight  as 
the  outline  or  interface  surfaces  of  the  device  remained 
the  same  and  the  performance  characteristics  were  identical. 
Each  variation  was  included  as  a  possible  production  im¬ 
provement  consisting  of  the  following  items. 
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A.  Ion  Implantation 

Two  units  were  successfully  tested  which  were  ion  im¬ 
planted  with  a  boron  N(jose  =  6  x  10^5  at  200  KeV  on 
one  side  and  a  phosphorus  N^ose  =  6.5  x  10^5  at  180 
Kov  on  the  other  side.  There  was  no  detectable  differ¬ 
ence  in  electrical  performance  of  the  ion  implanted  vs. 
the  standard  process  rectifiers.  Ion  implantation 
eliminated  five  of  the  nine  process  steps  and  substi¬ 
tuted  the  two  implants. 

The  ion  implantation  was  investigated  as  a  future 
production  method.  Unfortunately,  the  time  for  im¬ 
planting  with  our  equipment  was  20  minutes  per  wafer 
for  the  boron  side  alone.  One  side  of  a  wafer  could 
be  boron  doped  in  3.5  minutes  with  our  standard  pro¬ 
cedures,  and  this  time  could  easily  be  cut  in  half  by 
doubling  the  wafer  boat  size.  A  hot  source  implanter 
could  implant  economically,  but  the  contractor  does 
not  intend  to  buy  one  at  the  present  time.  Consequently, 
standard  doped  wafers  will  be  used  in  the  pilot  run. 

B.  Webless  Wicked 

This  concept  is  shown  in  Fig.  2.  The  anode  portion 
of  the  cross  section  shows  a  webless  wick.  Conversely 
the  cathode  portion  (ceramic  side)  displays  a  webbed 
wicked  assembly.  Eliminating  the  wick  is  a  definite 
process  improvement  which  helps  to  make  the  device 
more  manufacturable .  Consequently,  this  approach  will 
be  used  in  the  pilot  run. 

C.  Tungsten  Button-Convoluted 

The  convoluted  design  was  incorporated  into  the  cathode 
heat-pipe  to  reduce  low  temperature  stresses.  Fig.  3 
displays  the  convoluted  concept.  Test  results  indicate 
that  the  rectifier  does  not  need  the  convolution  at  low 
temperatures  which  simplifies  the  construction  of  the 
part  in  question.  Confidence  was  gained  when  two  non- 
convoluted  designs  were  tested  down  to  -55°C  which  is 
much  more  severe  than  the  -25°C  test  stipulated  by  the 
contract . 

b.  Tungsten  Button  -  Nonconvoluted 

This  approach  which  can  be  seen  in  Fig.  2  has  been 
adopted  as  the  pilot  run  design  for  reasons  discussed 
under  C. 

E.  Conclusion 

The  design  of  the  pilot  run  devices  includes  the  outline 
of  Fig.  1,  standard  doped  wafers,  webless  wicks,  and  non¬ 
convoluted  cathode  strain  sleeves.  This  combination  of 
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(Emitter )  Heat-Pipe 


features  has  been  proven  acceptable  via  the  confirmatory 
tests  and  they  will  remain  in  force  as  part  of  the 
identity  of  the  J15401  Transcalent  silicon  rectifier. 

IV.  ELECTRICAL,  MECHANICAL,  THERMAL  AND  ENVIRONMENTAL  INSPECTION 
CONFIRMATORY  TEST  PROCRAM 

Ten  silicon  rectifiers  were  tested  during  the  Confirmatory 
Sample  phase  of  this  program.  The  total  sample  consisted  of 
four  variations.  The  serial  numbers  and  corresponding  con¬ 
struction  variations  were  as  follows: 

Ser.  No.  Variation 

II-2  Ion  Implanted 

II-3 

J149  Webless  Wicked 

J150 

J151 

J157  Tungsten  Button:  Convoluted 

J160 

J162 

J156  Tungsten  Button:  Nonconvoluted 

J163 

Due  to  the  variations  in  construction ,  the  number  of  units 
subjected  to  each  environmental  test  was  equal  to  or 
greater  than  the  sample  size  listed  in  the  confirmatory 
test  plan  previously  issued.  Table  1  lists  the  plan's 
sample  size  and  the  actual  number  of  devices  tested.  In 
addition,  it  lists  the  permitted  percentage  of  failures. 

A.  Group  A  Inspection 

1 .  Subgroup  1 

All  of  the  Transcalent  rectifiers  were  visually  and 
mechanically  inspected  in  conformance  to  method 
2071  and  Fig.  1  of  the  specif ication  as  modified  by 
the  Interim  Engineering  Report  dated  January  1979 
using  the  specified  method  2066.  The  actual  measure¬ 
ments  of  the  ten  confirmatory  J15401C  rectifiers  are 
listed  in  Table  2.  Table  3  shows  the  results  of  a 
statistical  analysis  of  these  data  which  indicate 
that  all  of  the  devices  met  the  specified  dimensions 
with  margin. 

In  addition  to  taking  actual  measurements  all  the 
devices  were  checked  using  the  "go-no-go"  gauge 
shown  in  Fig.  4. 
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Table  3 


Statistical  Analysis  of  the  Dimensional  Data 
of  the  Confirmatory  Samples 


Character 

Avg. 

Sigma 

Max. 

Min. 

Chi-Sq . 

N 

Dim.  A 

4.744 

0.014 

4.761 

4.718 

8.38 

10 

Dim.  B 

3.463 

0.009 

3.476 

3.447 

2.95 

10 

Dim.  C 

0.636 

0.008 

0.650 

0.624 

3.82 

10 

Dim.  D 

1.804 

0.012 

1.834 

1.790 

12.40 

10 

Dim.  F 

2.102 

0.002 

2.106 

2.100 

15.21 

10 
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Subgroup  2  -  Tost  Temperature  =  25  +  3°C 

All  i'onf  1  rm.itory  samples  were  tested  for  reverse 
current,  ir,  and  reverse  voltage,  Vr ,  under  the 
conditions  specified  for  method  4016.2.  Tig.  5 
is  a  histogram  of  the  reverse  current  measured 
under  the  conditions  in  the  speci f ication . 

Table  4  lists  the  detail  data. 

From  the  statistical  data  we  can  expect  all  of  the 
measurements  to  be  less  than  1.2  mA  or  8%  of  the 
specified  15  mA  maximum. 

Prior  to  submitting  the  devices  to  electrical  test 
they  all  were  tested  out  to  1000  volts  of  reverse 
voltage  to  insure  that  a  sufficient  safety  margin 
existed . 

Subgroup  3  -  Thermal  Resistance 

The  thermal  resistance  of  the  Transcalent  recti¬ 
fiers  was  measured  using  the  specified  method 
described  in  paragraph  4.6.1  of  the  specification. 
Each  rectifier  was  calibrated  for  a  temperature 
dependent  parameter  by  recording  the  forward  volt¬ 
age  drop  at  4  amperes  at  several  temperatures. 

The  thermal  resistance  (Rqjc)  was  tested  at  250 
amperes  of  heating  current,  interrupted  by  a  short 
period  of  time  (less  than  1  msec.)  when  the  cur¬ 
rent  was  reduced  to  the  metering  value  of  4  amperes 
The  forward  voltage  drop  across  the  device  was 
measured  and  used  to  determine  the  junction  tem¬ 
perature  from  the  calibration  data.  Simultaneously 
the  external  temperature  of  the  heat-pipes  was 
measured  and  recorded.  The  difference  in  tempera¬ 
tures  divided  by  the  input  heating  power  is  the 
thermal  impedance  (transient)  or  resistance  (steady 
state)  of  the  device.  The  values  of  thermal  re¬ 
sistance  calculated  from  the  data  measured  on  the 
ten  confirmatory  samples  are  shown  in  Table  4. 

Fig.  6  is  a  histogram  of  these  data.  Thermal  re¬ 
sistance  calculated  on  the  same  devices  after  the 
environmental  tests  are  listed  in  Table  5  with  the 
initial  values  for  comparison. 
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Fig.  5  Reverse  Current  at  +25°C,  (mA) 


Histogram  Data  (3) 
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Fig.  6  Thermal  Resistance,  R@jq  (°C/W) 
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rmator 


Max.  15.0  Max.  |  15  Max. 


Two  of  the  devices,  Ill  (ion  implanted)  and  J163 
(nonconv.  .  luted)  ,  had  initial  Thermal  Impedance 
measurements  at  the  upper  limit  of  the  specifica¬ 
tion,  0.2°C/W.  Since  similarly  constructed  devices 
in  the  confirmatory  sample,  TI-2  and  J156,  had 
initial  normal  measurements  of  0.1  C/W  and  0 . 0 7°C/W 
respectively,  if  is  nor  believed  that  the  hiqh 
measurements  are  construction  orientated,  but  rather 
a  normal  variation. 

4.  Subgroup  4  -  Test  Temperature  of  Case:  125  +  6°C 

Reverse  Current,  ir,  and  Reverse 
Voltage,  vr 

The  aevices  were  tested  under  the  specified  condi¬ 
tions  by  method  4016.2.  The  speci f ieaiton  limit 
for  maximum  peak  current  is  60  mA.  The  detail 
data  measured  is  listed  in  Table  4.  Fig.  7  is  a 
histogram  of  the  distribution  of  the  ir  measured 
at  a  reverse  voltage  of  800  V.  These  data  indi¬ 
cate  that  all  the  devices  were  well  within  the 
maximum  limits  specified. 


B.  Group  B  Inspection 


Subgroup  1  -  Forward  Voltage,  Vc :  Test  at  Room 
Ambient  Temperature  of  25  +  3°C 

The  peak  forward  voltage  drop  was  measured  across 
all  of  the  devices  using  method  4011.3.  The  devices 
were  conducting  an  average  current  of  250  amperes 
when  the  measurements  were  made.  Since  the  current 
conducted  by  the  device  is  nearly  ?.S0°  of  conduc¬ 
tion  angle,  the  peak  current  is  approximately  800 
amperes  and  the  RMS  current  is  about  400  amperes. 

During  the  tests,  the  Transcalent  rectifiers  were 
allowed  to  reach  thermal  equilibrium  tnd  the  heat- 
pipe  was  confirmed  to  be  isothermal.  Room  ambient 
air  was  blown  across  the  finsQto  limit  the  tempera¬ 
ture  of  the  heat-pipes  to  100  C. 


The  individual  data  are  listed  in 
distribution  is  shown  in  Fig.  8. 
passed . 


Table  4  and  the 
All  devices 
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Fig.  7  Reverse  Current  at  125°C  Case  Temp.,  (mA) 


Histogram  Data  (4) 
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Fig.  8  Forward  Voltage  Drop,  Vp  (volts) 
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2.  Subqroup  2  -  Sui qe  Current,  if 

Test  Temperature,  TA  25  +  3°C 

All  confirmatory  samples  were  tested  under  the  con¬ 
ditions  listed  in  the  specification  using  method 
4066.2.  The  surge  current  test  was  performed  in 
the  RCA  owned  test  circuit  that  was  developed  for 
the  J15371  Transcalent  thyristor  under  Contract  No. 
DAAB07-76-C-8120  and  modified  to  test  the  recti¬ 
fiers.  The  pulses  of  surge  current  were  repeated 
at  a  rate  of  one  pulse  per  minute  for  ten  total 
surges.  The  800  volts  of  reverse  voltage,  Vr ,  was 
reapplied  following  each  surge.  After  the  surge 
test,  the  reverse  current  was  remeasured  to  confirm 
that  the  4000  amperes  peak  surge  currents  did  not 
damaqe  the  devices. 

The  values  of  reverse  current  measured  after  this 
surge  test  are  listed  in  Table  4  and  the  distribu¬ 
tion  is  plotted  in  Fig.  9.  Comparing  these  data 
with  those  measured  initially  (reverse  current  - 
25°C)  indicated  the  confirmatory  samples  were  not 
affected  by  the  surge  test. 


3.  Subgroup  3  -  Reverse  Recovery  Time,  Trr 

Test  Temperature  TA  =  25  +  3°C 

All  devices  were  tested  for  reverse  recovery  time 
per  the  procedures  of  method  4031  of  MIL-Std-7 50B . 
A  modified  circuit  as  outlined  in  the  JEDEC  Publi¬ 
cation  No.  RS282  was  used.  This  circuit  utilizes 
the  circuit  parameters  specified,  however,  the  Ipj^ 
is  standardized  at  125  instead  of  50  peak  amperes. 

The  data  measured  on  the  engineering  samples  are 
listed  in  Table  4  and  the  distribution  shown  in 
Fig.  10.  Again,  the  devices  passed  with  margin. 


Group  C  Inspection 

1.  Subgroup  1  -  Barometric  Pressure  Reduced 

All  of  the  confirmatory  devices  were  successfully 
tested  under  the  conditions  listed  using  the 
specified  method  1001.1.  A  device  which  arcs 
over  or  exhibits  harmful  coronas  that  deteriorate 
the  device  is  considered  a  failure.  After  ex¬ 
posure  to  the  low  pressure  test  the  devices  were 
tested  for  reverse  current  per  Subgroup  2  of  Table 
1.  The  detail  data  is  listed  in  Table  4  and  the 
distribution  plotted  in  Fig.  11. 
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No.  of  Devices  ‘^C5,  Devices 
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Fig.  9  Post  Surge  Reverse  Current,  Ir  ,  (mA) 


HISTOGRAM  OATAE ;53 
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Fig.  10  Reverse  Recovery  Time,  Trr  (usee) 
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2.  Subgroup  2  -  Blocking  Voltage  Life  Test  Tem¬ 

perature:  Tc  =  125  +  6°C 

All  of  the  confirmatory  devices  were  tested  for 
200  hours,  each  under  the  conditions  specified, 
using  the  method  of  para.  4.6.2.  After  exposure 
to  the  blocking  voltage  life  test,  the  reverse 
current  was  measured  and  recorded.  The  detail 
data  measured  is  listed  in  Table  6  and  the  dis¬ 
tribution  of  the  data  plotted  in  Fig.  12.  All 
devices  passed  with  margin. 

The  test  plan  required  that  only  three  devices 
be  tested  for  this  parameter.  Since  four  dif¬ 
ferent  types  of  devices  made  up  the  samples  (see 
Sec.  IV)  it  was  decided  that  all  ten  devices 
should  be  tested  for  this  parameter  for  a  com¬ 
plete  evaluation. 

3.  Subgroup  3  -  Thermal  Shock,  Moisture  Resistance 

and  Salt  Atmosphere  Tests 

All  the  confirmatory  devices  were  tested  for 
Thermal  Shock  using  test  method  1051.1  and  the 
conditions  stated  in  the  specification.  After 
five  cycles,  the  rectifiers  were  removed  from 
the  environmental  chamber  and  two  were  submitted 
to  the  Moisture  Resistance  test,  method  1021.1. 

Reverse  current  measurements  per  Subgroup  2  of 
Table  1  of  the  specifications  were  taken  as  a 
check  at  this  point  to  determine  if  the  devices 
had  survived  the  Thermal  Shock  and  Moisture  Re¬ 
sistance  tests.  All  the  units  passed.  Detail 
data  is  listed  in  Table  6  and  the  distributions 
plotted  in  Figs.  13  and  14. 

The  two  devices  (112,  1 1 3 )  which  had  been  sub¬ 
jected  to  the  Moisture  Test  were  subjected  to  the 
Salt  Atmosphere  test  method  1041.1  for  24  hours. 
After  the  test,  the  salt  was  washed  off  of  the 
devices  whi'ch  were  then  examined.  The  markings 
were  legible  and  there  was  no  evidence  of 
flaking,  pitting  of  the  finish,  or  corrosion  that 
would  interfere  with  the  application  of  the  de¬ 
vices  . 

Reverse  current  tests  per  Subgroup  2  of  Table  1 
of  the  specification  were  performed,  the  detail 
data  are  listed  in  Table  6  and  the  distribution 
is  plotted  in  Fig.  15.  All  devices  passed  with 
margin . 
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Nc.  or  devices  No.  ot  Devices 


Histogram  Data  (9) 
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Fig.  13  Post  Thermal  Shock  Reverse  Current,  Ir  (mA) 


Histogram  Data  (10) 
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Fig.  14  Post  Thermal  Shock  and  Moisture  Reverse  Current,  Ir  (mA) 
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No.  of  Devices  No.  of  Devices 


Histogram  Data  (11) 
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Fig.  15  Post  Salt  Spray  Reverse  Current,  Ir,  (mA) 
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Fig.  16  Post  Thermal  Fatigue  Reverse  Current,  Ir  (mA) 
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Subgroup  4  -  Thermal  Fatiyue  Test 


All  of  the  confirmatory  samples  were  tested  for  re¬ 
liability  under  the  specified  Thermal  Fatigue  Test 
Conditions  and  Spec,  paragraph  4.6.3.  The  "on" 
and  "off"  times  were  two  minutes  each.  The  air 
flow  across  the  devices  was  adjusted  so  that  when 
the  devices  were  conducting,  the  case  or  heat-pipe 
temperature  was  90  +  10°C  max.  and  30  +  10°C  min. 

The  devices  were  subjected  to  a  minimum  of  200  "on- 
off"  cycles.  Ten  measurements  per  Subgroup  2  of 
Table  1  were  made.  Detail  data  are  listed  in 
Table  6  and  distribution  is  plotted  in  Fig.  16. 

Since  the  sample  consisted  of  four  different  con¬ 
structions,  an  additional  post  thermal  fatigue 
parameter  was  measured,  Thermal  Impedance.  These 
data  are  listed  in  Table  6  and  the  distribution 
is  plotted  in  Fig.  17. 

All  devices  passed.  The  ion-implanted  devices 
came  closest  to  the  specification  limit  of  0.2°C/W. 
Because  of  this  high  thermal  impedance  and  other 
considerations ,  ion-implanted  devices  will  not  be 
used  in  the  pilot  run  of  this  MM&T  contract. 

Subgroup  5  -  Shock  &  Vibration  Tests 

Five  of  the  confirmatory  samples  were  shock  tested 
in  RCA's  Environmental  Laboratory,  Lancaster,  PA 
using  the  specified  conditions  and  test  method 
2016.2. 

Following  the  shock  tests,  all  devices  were  sub¬ 
jected  to  a  vibration  test  of  variable  frequency 
described  in  the  Specification  and  Test  Method  2056. 
After  the  shock  and  vibration  tests,  the  reverse 
current  measurements  at  800  volts  and  the  thermal 
resistance  measurements  of  Subgroups  2  and  3  of 
Table  1  were  repeated  successfully  to  verify  the 
integrity  of  the  devices.  Detail  data  are  listed 
in  Table  6  and  the  distributions  are  plotted  in 
Figs.  18  and  19. 

The  Acceptance  Test  Procedure  required  that  only 
two  devices  be  subjected  to  the  Shock  and  Vibra¬ 
tion  Tests.  Since  four  different  constructions 
were  represented  in  the  sample,  RCA  subjected  a 
sample  of  each  to  the  environmental  test  as  fol¬ 
lows  : 
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Fig.  17  Post  Thermal  Fatigue  Thermal  Impedance  (°C/W) 


Histogram  Data  (12) 
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Fig.  18  Post  Shock  and  Vibration  Reverse  Current,  Ir  tnA) 
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Fig.  19  Post  Shock  ard  Vibration  Thermal  Resistance,  (°C/W 
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Fig.  20  Statistical  Distribution  of  Dimension  A 
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No.  of  Devices 


Construction 


1  Webless  Wicked 

1  Convoluted  Tungsten  Button 

1  Nonconvoluted  Tungsten  Button 

2  Ion-Implanted 

Again  all  devices  passed.  The  Thermal  Resistance 
data  listed  for  112  and  113  were  measured  after  the 
Shock  and  Vibration  Tests. 

D.  General  Data 

Table  7  lists  a  statistical  analysis  of  all  the  data 
measured  during  this  confirmatory  test.  Table  8  lists 
the  key  for  identifying  the  individual  character i st : cs . 
Figs.  20,  21,  22,  23  and  24  show  the  distribution  of 
the  dimensions  of  the  samples. 

In  addition  to  the  tests  discussed,  uwo  nonconvoluted 
devices  with  tungsten  buttons  were  subjected  to  two 
complete  thermal  shock  tests  using  method  1051.1  and 
a  low  temperature  of  -55°C  instead  of  the  specified 
-25°C.  This  action  results  in  doubling  the  number  of 
nonconvoluted  tested  doubling  the  number  of  cycles  to 
10  instead  of  5,  and  doubling  the  stress  to  -55°C  in¬ 
stead  of  -25°C.  Both  devices  passed  with  flying  colors. 


S/N 

Reverse 

Current 

(Ir) 

Thermal 

Resistance  (Rqjq) 

mA 

°C/W  - 

J155 

0.82 

0.1 

initial  data 

0.1 

0.15 

after  test 

J158 

0.87 

0.09 

initial  data 

0.1 

0.12 

after  test 

TEST  EQUIPMENT 

Refer  to  the  First  through  Sixth  Monthly  Reports  for  this 
contract  for  additional  information  concerninq  test  appara¬ 
tus.  The  electrical  and  environmental  test  equipment  survey 
1  isted  in  the  Interim  Report  for  the  Engineering  Sample's 
repeated  and  updated  here  for  reference  in  Table  9. 


Table  7 


Statistical  Analysis  of  Confirmatory  Data 


PRODUCT-- 

- -CONFIMATORY 

SILICON 

TRANSCALENT 

RECTIFIER  DATA 

N 

ZTIARAC TER I STIC  1 

A  VO  I  S 

I  CM  A  1 

MAX  1 

MIN  1 

CHI-SQ1 

1  1 

.  322 1 

.  1251 

.  920 1 

.6101 

21 .201 

10 

1 

2 . 857  I 

1 . 732 1 

6. 1301 

1 . 440 1 

12.851 

10 

3  | 

.1141 

.  047  1 

.  200  1 

.  070  1 

18.891 

10 

4  1 

.  988 1 

.  025 1 

1 . 000 1 

.  920 1 

1 9 . 69 1 

10 

5  1 

2.7001 

.  353  1 

3.2001 

2 . 000 1 

4.71  1 

10 

6  1 

.7121 

.  Ill  1 

.  820 1 

.5101 

8 . 26 1 

10 

7  | 

.631  1 

.  1701 

.  720 1 

.  290 1 

23.41 1 

10 

1 

.  654  1 

.  1 02 1 

.  720 1 

.  460 1 

26. .  26 1 

10 

9  1 

.5861 

.  080 1 

.  690 1 

.  500  1 

16.371 

10  l 

.4101 

t 

.4101 

.4101 

2 . 00 1 

1 1  1 

.4101 

I 

.4101 

.  4 1 0 1 

2 . 00 1 

12  1 

.6101 

.  1391 

.7401 

.  460 1 

9.711 

C- 

13  1 

.  66 9 1 

.  077  1 

.  780 1 

.  560 1 

14.741 

10 

14  1 

.  1  32 1 

.  039 1 

.  200 1 

.  090 1 

11.121 

10 

15  1 

.  1331 

.031  1 

.  1 60 1 

.  loot 

4 . 30 1 

1 6  i 

4 . 744 1 

.0141 

4.761 1 

4.7181 

8.381 

10 

17  1 

3 . 463 1 

.  009  1 

3.4761 

3.4471 

2 . 95  1 

10 

IS  1 

.  636 1 

.  008 1 

.  650 1 

.  624  1 

3.821 

10 

19  l 

1 . 804 i 

.0120 

1 . 834  I 

1 . 790 1 

1 2 . 40  1 

10 

20  1 

2.1021 

.  002  i 

2. 1061 

2 . 1 00  1 

15.21 1 

10 

TUESDAY,  OCTOBER  9,1979 


Table  8 


Ctiaracteristic  # 


Key  to  Statistical  Analysis  of  Table  7 

Definition 

Reverse  Current  (Ir)  at  +25°C 
Reverse  Current  (Ir)  at  +125°C 
Thermal  Impedance  Rqj^ 

Forward  Voltage  (V^) 

Reverse  Recovery  Time  (Trr) 

Post  Surge  Test,  Reverse  Current  (Ir) 

Post  Barometric  Test,  Reverse  Current  (Ir) 

Post  Blocking  Voltage  Life  Test,  Reverse  Current  (Ir) 
Post  Thermal  Shock  Test,  Reverse  Current  (Ir) 

Post  Thermal  Shock  &  Moisture  Test,  Reverse  Current  (Ir) 
Post  Salt  Spray  Test.  Reverse  Current  (Ir) 

Post  Shock  &  Vibration  Test,  Reverse  Current  (Ir) 

Post  Thermal  Fatigue  Test,  Reverse  Current  (Ir) 

Post  Environmental  Test,  Thermal  Resistance  (R@acO 

Final  Environmental  Test,  Thermal  Resistance  (Rqjc) 

Dimension  A 

Dimension  B 

Dimension  C 

Dimension  D 

Dimension  F 


electrical  and  environmental  test  equipment 
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H I STOGRAM  DAT  AC ; 1 7 ] 

LOWER  CELL  LIMIT, CELL  WIDTH  AND  NUMBER  OK  CELLO  :1- 
■vIZRT  CL  AL  L  :  l 
CHAR: DIM  B 

Q I  ARAL  TER  I  ST  I  C'-D  I M  B 
AVERAGE-  3.4633 

S I GMA -  0 . 00884496090 1 

MAXIMUM-  3.476 
MINIMUM-  3.447 
SAMPLE--  10 

10+  El 
9+  □ 

8+  □ 

7+  □ 

6+  □ 

5+  □ 

4+  Cl 
3+  0 

2+  Cl 
1+  0 


1  2  :=:  4  O  6  7  8  9  1  1  1  1 

.  .01  2  3 


Fig.  21  Statistical  Distribution  of  Dimension  B 


HISTOGRAM  DAT  A  C ;  13] 

LOWER  CELL  LIMIT, CELL  WIDTH  AND  NUMBER  OF  CELLS  : 
VIZRT  SCALE :  1 
CHAR: DIM  C 

CHARACTER I ST I C-D I M  C 
AVERAGE -  0 . 6363 

SIGMA 0 . 0082 1 9894565 

MAXIMUM-  0.65 
MINIMUM-  0.624 
SAMPLE —  10 

9+  □ 

8+  Cl 
7+  Cl 
6+  Cl 
5+  □ 

4+  Cl 
3+  Cl 
2+  Cl 
1+  CD 

0  0  O  O  0  0  1111111 


4  5  6  7  8  9  O  1  2  3  4  5  6 


Fig.  22  Statistical  Distribution  of  Dimension  C 


No.  of  Devices  No.  of  Devices 


HISTOGRAM  DAT  AC  ;  193 

LOWER  CELL  LIMIT, CELL  WIDTH  AND  NUMBER  OF  CELLS  : -S  .3  25 
VERT  SCALE: 1 
CHAR:DIM  D 

CHARACTER I ST I C  DIM  D 
AVERAGE-  1 . SO 42 

S I GMA -  O . O 1 1 98838374 

MAXIMUM-  1.834 
MINIMUM-  1.79 
SAMPLE —  10 

8+  0 

7+  0 

8+  D 

5+  O 

4+  0 

3+  D 

2+  CIO 

1+  DO 

+++-t++++4+++4-(++4+++4+++++ 

0  1  1  2  2  3  4  4  5  5  6  7  7 
5  1  7  3  9  5  1  7  3  9  5  1  7 

Fig.  23  Statistical  Distribution  of  Dimension  D 


H I 3T0GRAM  DATA C ; 20 3 


LOWER  CELL  LIMIT, CELL  WIDTH  AND  NUMBER  OF  CELLS  :1.5  .1  25 
VERT  SCALE :1 
CHAR: DIM  F 

CHARACTERISTIC-DIM  F 
AVERAGE-  2.1015 

S I GMA -  O . 00206827394 1 

MAXIMUM-  2.106 
MINIMUM-  2.1 
SAMPLE —  10 

10+  □ 

9+  □ 

8+  □ 

7+  □ 

6+  0 

5+  0 

4+  D 

3+  D 

2+  Cl 

1+  D 

4  444  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4-4444  + 

1  1  1  2  2  2  2  2  3  3  3  3  3 


5  7  9  1  3  5  7  9  1  3  5  7  9 

Fig.  24  Statistical  Distribution  of  Dimension  F 
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surges . 
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igure  2s  Repetitive  Surge  Current 

Test  Set.  The  OUT  was  mounted 
inside  the  interlocked  door  on 
the  left  in  the  photograph. 


B.  Forward  On-State  Voltage  Test  Set 


In  the  forward  on-state  voltage  test  the  peak  forward 
voltage  drop  is  measured  while  the  rectifier  is  con¬ 
ducting  its  rated  current.  At  the  same  time  the 
operation  of  the  heat-pipes  is  confirmed. 

The  test  set  shown  in  Fig.  27  applies  the  full 
rated  average  a.c.  current  to  the  DUT.  The  cooling 
air  flow  is  adjusted  to  achieve  the  required  100°C 
on  the  case  of  the  heat-pipe  of  the  DUT  before  the 
peak  forward  voltage  is  read  on  the  oscilloscope.  A 
functional  block  diagram  of  the  circuit  is  shown  in 
Fig.  28. 

During  this  test  the  temperature  is  measured  at 
several  points  along  the  heat-pipes.  In  this  way, 
the  heat-pipes'  thermal  balance  and  isothermal  cha¬ 
racteristics  can  be  verified.  A  poorly  functioning 
heat-pipe  is  not  isothermal.  Properly  functioning 
heat-pipes  are  important  not  only  for  the  reliability 
of  the  DUT,  but  also  because  the  on-state  voltage  is 
a  function  of  the  junction  temperature. 

C.  Thermal  Fatigue  Test  Set 

Rectifiers  are  temperature  cycled  by  operating  them 
in  a  circuit  in  which  the  devices  are  heated  by  con¬ 
ducting  their  full  rated  current  of  250  A  average  and 
cooled  by  blowing  room  temperature  air  across  the  fins 
on  the  device.  The  test  is  conducted  for  a  minimum  of 
200  cycles.  The  test  set  is  shown  in  Fig.  29  along 
with  the  functional  block  diagram  of  the  circuit  in 
Fig.  30.  The  air  flow  is  adjustable  to  assure  that 
the  specified  minimum  and  maximum  (min.  Tc  =  30  +  10°C, 
max.  Tc  =  90  +  10°C)  temperatures  are  achieved  on 
every  cycle.  A  recorder  connected  to  a  thermocouple 
attached  to  the  rectifier  is  used  to  verify  not  only 
the  temperature  range,  but  also  the  number  of  cycles. 

D.  Blocking  Current  Test  Set 

The  blocking  current  test  set  is  used  to  measure  the 
leakage  currents  of  the  reverse  blocking  junction. 

The  test  set  along  with  the  functional  block  diagram 
of  the  circuit  are  shown  in  Figs.  31  and  32,  res¬ 
pectively.  The  reverse  b.lockinq  (leakage)  currents 
are  measured  at  the  full  rated  a.c.  voltage  of  800 
volts  peak.  These  currents  are  measured  at  both 
room  temperature  (25°C)  and  at  the  maximum  rated 
temperature  (125°C)  of  the  Device  Under  Test  (DUT). 


46 


Figure  2  7  Forward  On-Stato  Voltage 

Test  Set.  The  DUT  was  mounted 
at  the  top  of  the  cooling  air 
duct  in  the  center  of  the 
photograph . 


Reverse  Blocking  Current  Test  Set  -  A.  C.  Method 
Block  1 lag rare 


The  measurement  is  uoi  to tii-ed  by  monitoring  the  voltage 
drop  .-cress  a  call  bra  tee  resistor  in  series  with  the 
OUT.  This  enables  an  oscilloscope  to  be  used  to 
measure  the  peak  current  since  the  oscilloscope  is  a 
voltage  rather  than  a  current  measuring  device.  Ohm's  law 
converts  the  reading  to  the  current. 

E.  Blocking  Voltage  Lite  Test 

Rectifiers  are  life  tested  for  200  hours  by  sub¬ 
jecting  them  to  reverse  blocking  voltages  of  800 
volts  while  at  a  temperature  of  125°C.  A  60  Hz  1/2 
wave  AC  power  supply  is  used  for  voltage  power.  The 
test  set  is  shown  in  Fig.  33  and  the  functional  block 
diagram  is  shown  in  Fig.  34. 


Metering  within  the  test  set  provides  the  temperature 
of  the  DUT,  elapsed  time,  voltage  and  current.  A 
jack  is  provided  for  the  measurement  of  the  peak 
voltage  with  an  oscilloscope.  Indicator  lamps  and 
high  voltage  fuses  are  included  in  the  power  supply 
to  indicate  whether  a  DUT  has  failed  to  block  the 
high  voltage  during  the  tests.  The  test  set  is  de¬ 
signed  to  test  six  devices  simultaneously. 

The  power  supply  is  connected  through  a  voltaae  re¬ 
gulator  to  the  primary  power  lines  of  the  high  tem¬ 
perature  oven.  In  this  way,  the  power  and  timing  are 
removed  from  the  DUT  in  the  event  of  a  power  inter¬ 
ruption  that  would  reduce  the  oven  temperature  below 
the  test  value.  An  interlocked  oven  door  also  removes 
the  high  voltage  from  the  DUT  when  the  oven  dear  is 
opened,  thus,  protecting  the  personnel. 


This  power  supply  is  also  used  for  the  Reduced  Baro¬ 
metric  Pressure  test  for  half  wave  voltaae  application 
to  the  DUT  in  the  vacuum  chamber. 


F.  Thermal  Resistance  Test  Set 

The  thermal  resistance  test  set  is  used  tr  act ••rm. ne 
the  thermal  resistance  between  the  junction  and  t  he 
base  of  the  fins  on  the  heat-pipe. 

Prior  to  testing  the  rectifier,  each  device  is  cali¬ 
brated  by  recording  the  forward  voltage  (Vp)  drop 
at  4 . 0  A  as  a  function  of  temperature.  At  eacn 
selected  temperature,  sufficient  time  is  taken  to 
insure  that  the  junction,  the  heat-pipes  and  the  over, 
are  all  in  thermal  equilibrium.  At  4.0  A,  Vp  versus 
temperature  is  interpreted  from  measurements  of  the 
Vp  at  temperatures  between  the  selected  temperatures. 
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Blocking  Voltage  Li  fe  “o:-- 
including  the  temperature 
oven.  This  oven  is  also  \ 
the  other  high  temperatuiu 


It  is  this  characteristic  of  Vp  \ersus  temperature  at 
4.0  A  which  is  employed  to  determine  the  junction 
temperature  during  the  thermal  resistance  test.  The 
difference  between  the  junction  temperature  and  the 
case  temperature,  which  is  measured  with  a  thermo¬ 
couple  attached  to  the  outside  wall  of  the  heat-pipe, 
divided  by  heating  power  is  the  thermal  resistance. 

When  a  rectifier  is  tested  it  is  heated  by  pushing 
rated  current  through  the  device.  This  heating  cur¬ 
rent  is  interrupted  every.  50.0ms  for  about  0.5  ms. 
During  the  interruption,  the  Vp  is  measured"  at 'the' 
calibration  current  of  4.0  A. 

The  test  set  is  shown  in  Fig.  35.  Fig.  36  is  a 
functional  block  diagram  of  the  circuit. 

The  thermal  resistance  of  the  Transcalent  rectifier 
is  a  function  of  dissipation  power  and  ambient  tem¬ 
perature  . 

VI.  CONCLUSION  AND  RECOMMENDATIONS 

The  confirmatory  sample  phase  of  the  program  has  been 
successfully  completed  on  schedule  as  stipulated  by  the 
program  evaluation  chart  (PERT).  See  Int.  Tech.  Rept.  Jan.  1979. 

No  particular  difficulties  were  involved  in  this  phase 
of  the  program,  and  we  are  ready  to  proceed  with  the 
pilot  run  program  when  permission  is  obtained.  It  is 
suggested  that  this  approval  be  given  as  early  as  pos¬ 
sible  so  that  this  work  can  proceed  on  schedule. 

We  shall  proceed  with  the  preliminary  pilot  run  report 
as  quickly  as  possible  since  we  recommended  that  a 
pilot  run  demonstration  be  given  early  in  the  pilot 
production  run.  This  approach  has  the  advantage  of 
many  parts  and  subassemblies  being  available  to  de¬ 
monstrate  sequential  operations  in  a  short  amount  of 
t  ime . 

All  drawings  and  procedures  will  be  updated  to  reflect 
the  final  design  for  the  pilot  run,  namely,  standard 
doped,  webless  wick  and  nonconvoluted  cathode  strain 
Isolation  rings.  The  reasons  for  the  final  design  have 
already  been  discussed  and  verified  in  the  body  of  this 
report . 
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Fig.  35  Thermal  Resistance  Test  Set. 

The  OUT  is  mounted  in  the  end 
of  the  cooling  air  duct  shown 
in  the  foreground. 


DISTRIBUTION  LIST 

The  following  pages  include  the  distribution  list  sup¬ 
plied  by  the  Contracting  Officer  with  the  DD  1423  for  the 
Interim  Technical  Report.  That  list  will  be  utilized  also 
for  the  distribution  of  the  next  Interim  and  the  Final 
Technical  Reports. 
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RADC 

ATTN:  Mr.  Joseph 

Griffiss  AFB ,  NY 


D.  Krall, 

20910 

B.  Brauer,  RBRM 
13441 


NASA 

Geo.  C.  Marshall  Space  Flight  Center 
ATTN:  Dr.  Alvis  M.  Holladay,  Code  EC-41 

Marshall  Space  Flight  Center,  AL  35812 

NASA 

Langley  Research  Center 
Langley  Station 

ATTN:  Mr.  Charles  Husson,  M/S  470 

Hampton,  VA  23665 

Dir.  National  Security  Agency 
ATTN:  Mr.  John  C.  Davis,  R55 

Fort  George  C.  Meade,  MD  20755 
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Commander 

U.S.  Army  Production 
Equipment  Agency 
ATTN:  AMXPE-MT 

(Mr.  C.  E.  McBurney) 
Rock  Island,  IL  61201 

Mr.  Jack  S.  Kilby 
5924  Royal  Lane 
Suite  150 
Dallas,  TX  75230 

Dr.  Barry  Dunbridge 

TRW  Systems  Group 

One  Space  Park 

Redondo  Beach,  CA  90278 

Mr.  Harold  D.  Toombs 
Texas  Instruments,  Inc. 

P.O.  Box  5474;  M/S  72 
Dallas,  TX  75222 

Commander,  AFAL 
ATTN :  AFAL/DEH 

Mr.  Stanley  E.  Wagner 
Wright  Patterson  AFB , 

OH  45433 

Lincoln  Laboratory,  MIT 
ATTN:  Dr.  Donald  J.  Eckl 

P.O.  Box  73 
Lexington,  MA  02173 

RADC  (ETSD) 

ATTN:  Mr.  Sven  Roosild 

Hanscom  AFB,  MA  01731 

General  Electric  Company 
Semi-Conductor  Products  Dept. 
Building  7,  Box  42 
Syracuse,  NY  13201 

Micro-Electronics  Laboratory 
Hughes  Aircraft  Company 
500  Superior  Avenue 
Newport  Beach,  CA  92663 

Silicon  Transistor  Corp. 

ATTN:  Mr.  P.  Fitzgerald 

Katrina  Road 
Chelmsford,  MA  01824 


Mr.  Daniel  Becker 
Reliability  &  Oual.  Test  Center 
Mamies  Spacecraft  Center 
Houston,  TX  77053 

Texas  Instruments,  Inc. 

Library  M.S.  20 
P.O.  Box  5012 
Dallas,  TX  75222 

Dr.  S.  Bakalar 

Transitron  Electronic  Corp. 

168  Albion  Street 
Wakefield,  MA  01880 

Mr.  R.  Riel 

Westinghouse  Electric  Corp. 

R&D  Center 

Pittsburgh,  PA  15235 

National  Semi-Conductor  Corp. 
ATTN:  Mr.  R.  Bregar 

Danbury,  CT  06810 

Solitron  Devices 
256  Oak  Tree  Road 
Tappan,  NY  10983 

Dr.  L.  Suelzle 

Delta  Electronics  Corp. 

2801  S.  E.  Main  Street 
Irvine,  CA  92714 

Bell  Laboratories 

ATTN:  Mr.  W.  H.  Hamilton 

Whippany,  NJ  07981 

Commander 

Naval  Ships  Res.  &  Dev.  Center 
ATTN:  W.  Kohl  (Bldg.  100-3) 

Annapolis,  ND  21402 

United  Technologies  Corp. 

Power  Systems  Division 
ATTN:  Mr.  Kenneth  Lipman 

Box  109 

South  Windsor,  CT  06074 

Martin  Marietta 
ATTN:  Mr.  E.  E.  Buchanan 

P.O.  Box  179 
Denver,  CO  80201 
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J.  J.  Henry  Co.,  Inc.  Special  I’roj  . 
Attn:  Mr.  Mike  Saboe  -  NSRDC  Study 

2341  Jefferson  Davis  Highway 
Arlington,  VA  22202 

Fermi  National  Accelerator  Lab. 

ATTN:  Mr.  Frank  S.  Cilyo 

P.O.  Box  500 
Batavia,  IL  60510 

Hughes  Aircarft  Company 

Ground  Systems  Group . 

ATTN:  Dr.  Kal  Sekhon 

Fullerton,  CA  92634 

Comma nder 

Navy  Weapons  Center 
ATTN:  Mr.  S.  S.  Lafon 

China  Lake,  CA  93555 

Commander  (2) 

U.S.  Army  Electronics  Command 
ATTN:  DRSEL-PP-I-PI 

.Mr.  William  R.  Peltz 
Fort  Monmouth,  NJ  07703 

Commander  (2) 

U.S.  Army  Mobility  Equipment 
Research  and  Dvelopment  Ctr. 

ATTN:  STSFB-EAP 

Dr.  Russ  Eaton 
Fort  Belvoir,  VA  22060 

Advisory  Group  on  Electron  Dev.  (2) 
ATTN:  Working  Group  on  Pwr.  Devices 

201  Varick  Street 
New  York,  NY  10014 

Mr .  Ron  Wade 

ATTN:  E LEX-0151431 

Navla  Electronic  Sys.  Command 

Washington,  DC  20360 

Dr.  Robert  Redicker 
Mass.  Inst,  of  Technology  (MIT) 
Building  13-3050 
Cambridue,  MA  02139 


Defense  Electronics  Supply  Ctr. 
Directorate  of  Engineering 
and  Standardization 
DESC-ECS  (Mr.  N.  Hauck) 

1507  Wilmington  Pike 
Dayton,  OH  45401 

General  Instrument  Coro. 
Semi-Conductor  Prod.  Group 
ATTN:  Mr.  G.  Cohen 

600  W.  John  Street 
H.ick.svi  He.,.  LI,.  NY  .  1 1802 

Harry  Diamond  Laboratories 
ATTN:  Technical  Library 

Connecticut  Avenue  and 
Van  Ness  Street 
Washington,  DC  20438 

Jet  Propulsion  Laboratory 
ATTN:  Mr.  L.  Wright 

Mail  Stop  158-205 
4800  Oak  Grove  Drive 
Pasadena,  CA  71103 

NASA 

Lewis  Research  Center 
ATTN:  Mr.  Gail  Sundberg  (MS54-4) 

2100  Brook  Park  Road 
Cleveland,  OH  44135 

Commander 

AF  Aero  Propulsion  Lab. 

ATTN:  AFAL/PODI 

(Mr.  Philip  Herron) 

Wright  Patterson  AFB,  OH  45433 

Commander 

Naval  Air  Development  Center 
ATTN:  Mr.  Howard  Ireland  (3043) 

Mr.  Joseph  Segrest 
Warminster,  PA  18974 

Commander 

NAVSEC  Code  420  CTRBG 

ATTN:  Mr.  Arnold  D.  Hitt,  Jr. 

801  Center  Building 
Hyattsville,  MD  20782 
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Delco  Electronics 
ATTN:  Dr.  A.  Barrett 

Mail  Code  8106 
676  Hollister  Avenue 
Goleta ,  CA  93017 

NASA 

Johnson  Space  Center 

ATTN:  Mr.  E.  Wood,  Code  EG2 

Houston,  TX  77058 

Garrett  Air  'Research* Mfg .* -Co .  •  •  * 
of  Arizona 

ATTN:  Mr.  R.  N.  McGinley 

P.O.  Box  5217 
402  S.  36th  Street 
Phoenix,  AZ  85010 

Lockheed  California  Co. 

ATTN:  Mr.  W.  W.  Cloud 

Department  75-82 
Bldg.  63/3,  Box  551 
Plant  A- 1 

Burbank,  CA  91520 

Sanders  Associates 
ATTN:  Mr.  A.  Hurley 

NCAI  -  6247 
95  Canal  Street 
Nashua,  NH  03061 

Defense  Documentation  Center  (12) 
ATTN:  DDC-IRS 

5010  Duke  Street 
Cameron  Station  (Bldg.  5) 
Alexandria,  VA  22314 

NASA 

Scientific  &  Tech.  Inf.  Off./KSI 
Washington,  DC  20541 

Commander 

U.S.  Army  Electronics  Command 
Communications  Systems 
Procurement  Branch 
Fort  Monmouth,  NJ  07703 
ATTN:  Capt.  H.  John  Patch/PCO 

DRSEL-PP-C-CS-1 


Garrett  Air  Research 
ATTN:  Mr.  Everett  Geis 

2525  West  190  Street 
Torrance,  CA  90509 

Airesearch  Manuf acturing  Co. 

ATTN:  Mr.  John  Ashmore 

Electronic  Systems 
2525  W.  190th  Street 
Torrance,  CA  90509 

•Naval-  Underwater  Systems  Center 
ATTN:  Mr.  George  Anderson 

Code  3642 

Newport,  RI  02840 

Dr.  Roy  Scott  Hickman 
Chairman,  Dept,  of  Mech  &  Environ 
Engr . 

University  of  California 
Santa  Barbara,  CA  93106 

Ohio  Semitonics,  Inc. 

1205  Chesapeake  Ave . 

Columbus,  Ohio  43212 
ATTN:  Mr.  A.  E.  Middleton 


TRW,  r  nc . 

Defense  &  Space  Systems  Group 
ATTN:  Mr.  Art  Schoenfeld 

One  Space  Park 
Redondo  Beach,  CA  90278 
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